Objective: To describe the initial pediatric experience with intralesional bevacizumab (Avastin) treatment for children with severe, recurrent respiratory papilloma (RRP).
R
ECURRENT RESPIRATORY PAPillomatosis (RRP) is the most common benign neoplasm of the larynx in children. 1 It most commonly presents with hoarseness, stridor being the second most common presentation. It is most commonly caused by human papillomavirus (HPV) types 6 and 11, although HPV-16 and HPV-18 can also be associated, and these types raise concern about possible malignant transformation. [2] [3] [4] Reports estimate the incidence of RRP in the United States at 4.3 per 100 000 children and 1.8 per 100 000 adults. 5, 6 Although it is a benign disease, RRP can recur often and cause frank airway obstruction; moreover, there is the concern about malignant conversion. According to the National Registry of Children with RRP, 7 which includes patients of 22 pediatric otolaryngology practices, children with RRP undergo an average of 19.7 procedures or an average of 4.4 procedures per year, equivalent to more than 10 000 surgical procedures annually for children with RRP in the United States. The frequency of these procedures and the severity of the symptoms substantially impact the quality of life of children and their families 8 and are associated with considerable economic cost, estimated at $150 million annually. 6 In addition, the effects of multiple anesthetic administrations on the developing child are of growing concern, in terms of behavior changes and possible learning delays. 9, 10 Age at onset appears to predict severity of illness in children with RRP; diagnosis before vs after age 3 years is associated with 3.6 times greater likelihood of needing more than 4 surgical procedures per year and almost 2 times greater likelihood of having 2 or more anatomic sites affected. 6 There is no "cure" for RRP, and no single treatment has been consistently effective in eradicating RRP. The current standard of care is surgical therapy with a goal of complete removal of papillomas and preservation of normal structures. Surgical techniques may consist of cold knife endolaryngeal incision with or without phonosurgical techniques, [11] [12] [13] excision with the microdebrider [14] [15] [16] or with the carbon dioxide laser, 12 treatment with photodynamic therapy, 17, 18 the flashed pumpeddye laser, 19 the 585-nm pulsed-dye laser, 20-23 the 532-nm pulsed potassium titanyl phosphate (KTP) laser, 24 or a combination of these techniques.
In approximately 20% of cases, some form of adjuvant therapy may be needed in addition to standard surgical treatment. 1 Examples of adjuvant therapies include oral indole-3-carbinol treatment, 25, 26 artemisinin (Robert Bastian, MD, personal communication), or intralesional injections of cidofovir [27] [28] [29] or the mumps vaccine. 30 The most widely accepted indications for adjuvant therapy are a need for more than 4 surgical procedures per year, rapid regrowth of papillomas with airway compromise, or distal multisite spread of disease. 1 Because animal studies have demonstrated a high level of carcinogenic effects for cidofovir, 31 and there have been case reports of progressive dysplasia in patients with RRP who received cidofovir, 32 the RRP Task Force 33 has published guidelines for clinicians interested in using cidofovir to treat RRP. 33 Extensive pretreatment counseling with the patient's family is absolutely necessary before embarking on this treatment regimen. Furthermore, there is a small but significant subpopulation of children with refractory and aggressive RRP despite multiple surgical debridements and treatments with adjuvant medications such as cidofovir.
Bevacizumab (Avastin; Genentech, San Francisco, California) is a human monoclonal antibody that binds to and neutralizes the biologic activities of vascular endothelial growth factor (VEGF) isoforms, preventing them from interacting with their receptors. The rationale for using bevacizumab to treat children with aggressive RRP stems from basic research that has found VEGF receptors in laryngeal papilloma specimens taken from affected children 34 as well as the recent experience of Zeitels et al 35 in using bevacizumab to treat adults with RRP. There was much patient enthusiasm generated over the RRP Foundation's patient-focused Web site (http://www.rrpf .org/) following the report by Zeitels et al, 35 and many families inquired about possible application of this treatment to children. Herein, we report the use of intralesional bevacizumab in the treatment of 3 children with aggressive RRP.
METHODS
Three children aged 3 to 6 years were deemed suitable candidates for this pilot study; medical chart review was approved by the institutional review board. No other child with RRP treated at our institution underwent bevacizumab injection prior to these 3 children. Two of the 3 children had aggressive RRP, defined as requiring more than 4 operative treatments in 1 year for airway symptoms and not responsive to 3 cidofovir injections. There had been lengthy discussions with the families about possible adjuvant therapies. One of the 3 patients came from abroad and had 22 surgical treatments the year before. The mother refused Cidofovir treatment.
The families were each provided literature on bevacizumab and given special informed consent forms disclosing that this was an off-label use of bevacizumab and listing of the possible risks and benefits. This informed consent form had been reviewed by the pharmacists at the Massachusetts Eye and Ear Infirmary. After reading these documents, the families chose between continuation of standard surgical therapy or initiation of bevacizumab adjuvant therapy. The parents had to sign both the expanded bevacizumab consent form and a standard consent form before the bevacizumab could be used to treat the children.
Standard surgical therapy (as defined by C.J.H.) consists of a combination of microdebrider therapy of bulky diseased tissue followed by pulsed KTP laser treatment of papilloma immediately adjacent to the anterior commissure, true vocal folds, or within the ventricles. Use of the pulsed KTP laser has been the standard laser therapy for at least 2 years with approximately 20 children treated (C.J.H.). Advantages of treatment with the pulsed KTP laser include increased selective photoangiolysis, which helps preserve the important layered structures of the vocal cords. 24 This has helped treat papillomas in sensitive areas such as the anterior portion of the vocal cord, thus preventing vocal cord scarring and web formation. 22 Our technique for adjuvant injection of bevacizumab included suspension microlaryngoscopy with first gross debulking of the papilloma with a microdebrider and then application of pulse KTP laser to sessile areas and sensitive areas such as the anterior vocal cords and interarytenoid region. Afterwards, we used a laryngeal needle to inject a total of 1.0 mL of bevacizumab (1.25 mg/mL) into the areas most affected by the papilloma. The first treatment for these 3 children occurred in April 2009.
RESULTS
The results were obtained after the institutional review board of the Massachusetts Eye and Ear Infirmary approved a retrospective medical chart review of the children's records (Table) .
PATIENT 1
A 3-year-old boy with RRP of 1 year's duration (HPV-6) had undergone 12 microdebrider procedures with 7 injections of cidofovir at an outside institution. Six weeks after the last cidofovir injection, he was again symptomatic, and the mother signed our special informed consent for bevacizumab injections following microdebrider debulking and pulse KTP procedure. The child's Derkay severity grade for RRP at the time of this treatment was 21. Seven weeks later, the patient presented to an outside institution where he was urgently brought to the operating room for microdebrider removal of papilloma (no records available for calculation of Derkay score). Within a week of this procedure, the patient returned to our operating room for a second bevacizumab injection. Postoperatively, he did well. At follow-up 3 weeks later, only minimal microdebriding was needed, and his Derkay score was 6. At that time, a third bevacizumab injection was administered. Four weeks later, the mother reported good voice and no stridor.
PATIENT 2
A 6-year-old boy presented with recurrent stridor after having been treated 22 times in the previous year in Africa for RRP and respiratory distress. His mother noted that she planned to return to Africa after the next 6 months. After a detailed conversation involving the risks and benefits of each adjuvant therapy, she opted not to pursue cidofovir therapy and requested that her son receive debulking therapy followed by pulsed KTP laser treatment of the anterior commissure, true vocal fold, and ventricular RRP followed by local injection of bevacizumab.
At the time of the child's initial treatment at Massachusetts Eye and Ear Infirmary, he was markedly stridorous and nearly aphonic with bulky RRP obstructing 90% of the airway and involving the regions of the true vocal folds, anterior commissure, and ventricles. The child's Derkay severity grade for RRP at the time of this treatment was 21. The mother assessed his voice by completing the PVRQOL, and his score at this initial visit was a 5 (0-100). Analysis of biopsy specimens confirmed RRP (HPV-6).
Postoperatively, the patient did well. He was observed for several hours and then discharged. At a scheduled follow-up evaluation 6 weeks later (4 weeks beyond the time he would typically have re-presented with stridor requiring treatment), he had almost completely obstructing papilloma (unchanged Derkay score) that was again treated with microdebrider, pulsed KTP laser, and a second bevacizumab injection. Four weeks later, the patient had similar findings. Although the injections seemed to be spacing out the intervals between surgery, we did not give a third bevacizumab injection. Adjunctive therapies were again discussed with the patient's mother, and she agreed to cidofovir injection. Over the next 8 weeks, the patient received 2 cidofovir injections and at last report, the patient had gone 6 weeks without needing treatment.
PATIENT 3
A 5-year-old girl with RRP (HPV-6) of 2 years' duration had undergone procedures to improve her airway. Her 3 treatments prior to bevacizumab treatment were approximately 4 weeks apart and involved microdebrider debulking, pulse KTP laser treatment, and 3 injections of cidofovir. Three weeks after the last cidofovir injection, she was again symptomatic, and her grandmother, who was her legal guardian, signed our informed consent form for bevacizumab injections following the debulking procedure. The child's Derkay severity grade for RRP at the time of this treatment was 13, and her grandmother assessed her voice by PVRQOL score at this initial visit as 45 (0-100). Six months after the injection, the girl remained symptom free and did not require further operative intervention. Her grandmother completed the parent proxy PVRQOL measure at the 3-month postoperative follow-up and assessed her voice score at 75.
COMMENT
Treatment of aggressive pediatric RRP remains a difficult problem. The central tenet of "do no harm" finds specific direction in the challenge to open a child's airway while interfering to the least extent possible with the child's subsequent ability to speak, eat, and drink (without aspirating). Specific to the treatment of children with RRP (unlike in the treatment of adults for whom officebased procedures without general anesthesia are possible) there is also the recently reported behavioral and cognitive risks inherent in the use of multiple anesthetics. 9, 10 Given that the necessity to breathe trumps all other issues, and that there is still no effective medical treatment for RRP, the goals of any surgery are to open the airway and to extend the interval to further surgical intervention for the longest time possible. This is the primary reason that surgeons consider adjuvant therapies like cidofovir injections to treat children with aggressive disease.
Although the goal of such adjuvant therapy is laudable, enthusiasm over such treatment must be tempered by the knowledge that there remains a paucity of randomized trials comparing head-to-head efficacy of different surgical strategiesanddifferentadjuvanttherapies.Suchcomparativestudies are limited by the relative scarcity of patients. Singleinstitution studies struggle to achieve adequate sample sizes, and multi-institutional studies pose challenges arising from different indications for surgery between institutions and different surgical options available at the various centers and regions across the country. For example, angiolytic lasers are relatively new and not yet proven in randomized controlled studies, so many institutions have not acquired them. For specific adjuvants such as cidofovir, there is growing single-arm experience across several centers, [27] [28] [29] and recently a systematic review documented efficacy, 36 but there are certainly cases of RRP for which such adjuvant therapy is only marginally helpful at best. Parents of children with aggressive RRP are in search of other treatment regimens that are safe and offer some benefit.
Bevacizumab is a human monoclonal antibody that binds to and neutralizes the biologic activities of VEGF isoforms and prevents them from interacting with their receptors. 37 It received US Food and Drug Administration approval for intravenous treatment of metastatic colorectal carcinoma in 1994. Bevacizumab has been used in its injectable form to treat ocular conditions such as diabetic retinopathy and wet macular degeneration. Intravenous bevacizumab administration has adverse effects that include bleeding, blood clotting, high blood pressure, hypothyroidism, and others. 37 Intraocular injections of bevacizumab at a dose 100 to 400 times lower than the intravenous dose has not been shown to have adverse effects, although very small amounts of bevacizumab have been detected in the serum of rabbits after intravitreal injection of 1.25 mg. [38] [39] [40] The rationale for using bevacizumab to treat children with aggressive RRP stems from basic research that has found VEGF receptors in laryngeal papilloma specimens taken from affected children 34 as well as the recent experience of Zeitels et al 35 in using bevacizumab to treat adults with RRP. Although the initial doses of bevacizumab used to treat adults ranged from 5 to 7 mg, 35 given that this was the initial pediatric experience, we decided to use a total dose of 1.25 mg, which had been safely used in pediatric ophthalmology (Avery et al 39 and personal communication, Antonio Capone, MD). 39 Our institutional pharmacy prepared bevacizumab in a formulation such that the total dose administered was 1.25 mg.
Before we administered bevacizumab, we spoke at length with the patients' parents. Written materials were provided for them, describing bevacizumab and the other adjuvant therapies available. The following were highlighted in these discussions and written materials: (1) the proposed treatment was an off-label use of bevacizumab; (2) little data of any kind and no long-term data existed to document treatment effect in children with RRP; and (3) a range of adverse effects was possible, although unlikely. Reported adverse effects of intravenous bevacizumab treatment include bleeding, blood clotting, high blood pressure, and hypothyroidism, and others. 37 No adverse effects have been noted from ocular intralesional injections of bevacizumab at a dose of 1.25 mg. We also discussed the possibilities of voice abnormalities, vocal cord scarring, and the risk of malignant degeneration with injection of any adjuvant therapy. The parents were given a background in the pediatric ophthalmologic literature describing the use of injectable bevacizumab and a summary of the early bevacizumab treatments described by Zeitels et al 35 in adult patients with RRP. Parents who wished to proceed with treatment then signed both a traditional consent form and a special informed consent particular to the off-label use of bevacizumab.
All 3 children treated with bevacizumab had HPV-6 RRP. It remains unclear whether bevacizumab would exert a similar affect on RRP in children with HPV-11. None of the 3 patients was treated with antireflux measures because none had symptoms of gastroesophageal or laryngopharyngeal reflux. Finally, it also must be noted that, as with all laryngeal injectables, possible adverse effects must be considered with the use of bevacizumab, namely vocal cord scarring, inflammatory response, and development of acute airway obstruction. This has not been seen in the 3 patients described herein, but it is clearly a possibility and will have to be followed closely in further studies.
In our small series, injectable bevacizumab seemed to show some efficacy in prolonging the time between treatments and therefore reducing the number of treatments per year needed by children with severe RRP. Patient 3 had excellent success in that she did not required any treatment procedures at 6-month follow-up from the last injection. Patient 1 had moderate success in that the interval of his last follow-up evaluation represented the longest interval in the last 12 months without a surgical procedure. Although patient 2 also showed increased time intervals between procedures, the papilloma continued to grow substantially, and this patient required additional adjunctive measures that have now extended the intervals between treatments even further.
While it is true that children with RRP often experience some degree of spontaneous improvement or resolution over time, 41 the 3 children in the present study experienced newly aggressive disease, so it is unlikely (although possible) that the findings seen were due to spontaneous regression alone. We are currently considering bevacizumab therapy as adjunctive treatment for children who have had at least 4 surgical procedures for respiratory distress from RRP in the preceding year and whose disease has not responded to at least 3 cidofovir injections over the following year or whose families refuse to consider cidofovir as first-line adjunctive therapy. It remains unclear whether bevacizumab should be injected 1 time alone or over multiple administrations. However, under the same protocol we use in our practice to administer cidofovir, all patients must demonstrate biopsy-proven RRP (repeated biopsies are performed roughly yearly) to qualify for adjuvant bevacizumab treatment. In these cases, we offer as many as 3 injections at intervals (dictated by symptom severity) followed by reevaluation.
Clearly, before any meaningful conclusions can be drawn, further studies must be conducted in the form of head-to-head trials looking specifically at the issues of time between treatment intervals, efficacy of one adjunct over another, vocal outcomes, and whether several adjunctive treatments confer advantage over 1 treatment. In-depth and careful informed consent is mandatory for these studies so that parents are aware of the risks and benefits (known and unknown) before such individualized decisions are made. tegrity of the data and the accuracy of the data analysis. 
